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Abstract Despite the potential benefits the Internet and other related technologies offer, current supply
chain management techniques do not take full advantage of these benefits. E-business environments
provide a facilitating infrastructure for solving the issues concerning the traditional supply chain, such as
the scalability and flexibility for the efficient collaboration between partners. Both internal and external
uncertainties to the supply chain can hinder collaboration between partners, and thus also hinder their
ability to achieve their best possible performance. This research proposes using agent-based web services
to better support collaboration within a supply chain. An advantage of agent-based web services is that
they combine the strengths of both web services and multi-agents. Two different collaboration situations
are used in order to demonstrate the flexibility of the system. Scalability is demonstratedwhen the supply
chain faces changes in the partnership candidates. Simulation methods are used in order to validate the
feasibility of this approach, and statistical tests reveal the robustness of the experimental results across
diverse uncertainties.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
In this Internet-dominated business world, supply chain
collaboration has become an essential means for partners
in a chain to accomplish common goals that exceed a
written contract agreement. Successful collaboration between
partners helps them to achieve both strategic and operational
advantages. At the operational level, collaboration brings
visibility between both upstream and downstream partners,
and also reduces the costs of inventory, premium services,
and production scheduling. At the strategic level, collaboration
∗ Corresponding author. Tel.: +82 2 7600505; fax: +82 2 760 0440.
E-mail addresses: obkwon@khu.ac.kr (O. Kwon),
ghiyoung.im@louisville.edu (G.P. Im), kunchanglee@gmail.com (K.C. Lee).
1 Tel.: +82 2 961 2148; fax: +82 2 961 0515.
2 Tel.: +1 502 852 4794; fax: +1 502 852 4799.
1026-3098© 2012 Sharif University of Technology. Production and hosting by
doi:10.1016/j.scient.2011.11.009
Elsevier B.V.
Peer review under responsibility of Sharif University of Technology.
Open access under CC BY-NC-ND license.enhances customer satisfaction through focused responses and
also allowspartners tomanage their resourcesmore flexibly [1].
Supply chain relationships depend on the intensity of the
collaboration among the partners [1]. Most firms aspire to
achieve bilateral relationships with key partners, and it is
important to note that technology can play an important
role in maximizing the effectiveness of such relationships
regardless of the intensity of their collaboration. The different
types of technical support discussed in the literature which
has been used for collaboration of the supply chain have
been classified as optimization-based, simulation-based, or as
multi-agent-based techniques. Optimization-based techniques
help managers identify the best possible solutions such as
supply chain network design and facility location for a given
situation [2–4]. Simulation-based approaches have been used
to model the dynamic behaviors of the partners, and to resolve
diverse contingencies caused by uncertainties in both supply
and demand [5,6]. Multi-agent-based approaches provide
convenient mechanisms for modeling dynamic behaviors
among business partners [7–9].
Despite the available techniques that can be used for sup-
ply chain collaboration, it is evident in this era of proliferating
web usages in business that leveraging the Internet through e-
enabled supply chain collaboration seems to be of importance
and worthy of investigation [10]. In this regard, we seek to ex-
tend the multi-agent-based approaches used for collaboration
by including them with technologies used for e-business. First,
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order to facilitate collaboration in the presence of high demand
and uncertainties in the supplies available. Second, case-based
reasoning is used in order to enable the agents to learn the rules
needed to derive an optimal solution and also to recommend
a proper price and production quantity level. Target problems
are limited to the domain of production and inventory man-
agement and in addressing the problems with traditional sup-
ply chain collaborations in regards to high demand and supply
uncertainties. We assume that fluctuating customer demands
cause high demand uncertainties, and the supply uncertainties
result from uncertainties in lead-time and production capacity.
Next, we address the problems with the supply chain collab-
oration in regard to uncertainty in the partner base. This un-
certainty refers to the changing bases of available partners to
work with. This situation occurs when the increase or decrease
of partner candidates outside the supply chain makes the firms
that are inside the supply chain rehash their partner bases in or-
der to achieve the best possible performance. In summary, we
address the supply chain collaboration problemswhen the sup-
ply chain faces both internal and external uncertainties within
their collaboration network.
Hence, the purpose of this paper is to propose an agent-
oriented web service framework and a methodology for supply
chain collaboration in the presence of both internal and external
uncertainties. The main advantage of our proposed framework
is that it can handle two different levels of collaborative
situation, namely Independence and Collaboration, as well
as different types of uncertainty. At the Independence level,
the partners in the supply chain have an ‘‘arm’s length’’
relationship with one another and collaborate minimally.
The Collaboration level assumes a strategic relationship and
intensive collaboration among the partners. The ability of
our framework to flexibly handle two different collaborative
situations can help companies effectively achieve the bilateral
collaborative relationships that are desired by most firms [1].
This study is organized as follows. In Section 2, we provide
a literature review concerning web services, multi-agents, and
agent-based web services. Section 3 provides a broad overview
of the components of our proposed system. In Section 4, we
describe the design and implementation of the agent-based
web services, and the core collaboration processes. Section 5
contains the results from the experiments performed and
general conclusions are drawn in Section 6.
2. Background
In this section, we provide an overview of web services,
multi-agents, and multi-agent web services.
2.1. Web services
Web services are defined as self-contained, self-describing,
and Internet-basedmodular applications [11].Web services are
a new standardwhich enablesmachine-to-machine interaction
via the Internet using both simple protocols and interfaces. An
ExtensibleMarkup Language (XML)-based service description is
central for the description of a web service. Such a description
covers all the necessary details needed in order to interact with
the services, including message formats, transport protocols,
and methods. Web services share Universal Description,
Discovery and Integration (UDDI), which is a centralized service
directory, for its service discovery [12].Web services are delivered and invoked as streams of
services and they allow pervasive access from any type
of platform (interoperability). This interoperability between
systems is the basis for dynamic formation of business
partnerships. Having a universal specification for web services
is ideal for business services that need to be completely
decentralized and distributed over the Internet. Thus, web
services become an ideal technical platform for facilitating
collaboration among partners or business units within a supply
chain [13].
2.2. Multi-agents
Multi-agents are software agents with capabilities of
autonomy, social ability, reactivity, and the ability to be
proactive [14]. In a multi-agent system, the problem-solving
tasks of each functional unit (e.g., the firm) are populated by
a number of heterogeneous intelligent agents with diverse
goals and capabilities [15]. Each agent, then, is designed to
represent a specific functional unit. The requirements for the
action strategies and policies to be used may be entered
into the agent beforehand. Different levels of collaborative
requirement can be easily incorporated into the agent as
different goals are made based on different types of scenario.
Multi-agents are very effective in addressing both coordination
and conflicts among the firms. When a conflict occurs among
the functional units, a single authority or committee would
find it especially hard to reconcile the problem to fully satisfy
all units concerned. The use of a multi-agent system can
lead to a more coherent mechanism for solving conflicts
between functional units. Conflict resolution can be achieved
by incorporating a central coordination agent to help support
the multi-agent collaboration [16]. Central coordination agents
may have meta-rules and higher-order priorities for managing
the behavior of the agents [17]. Herein, we show how a
central coordination agent, Multi-Agent Coordination Enhancer
for Supply Chain Management (MACE-SCM), can be used to
facilitate both communication and collaboration among the
agents.
2.3. Agent-based web services
Conventional web services are simple and passive; they
seldom have the capability of intelligently collaborating with
one another. Hence, in our research, we combine web services
with multi-agents to overcome such limitations. Agent-based
web services take advantage of the features of the intelligent
agent for a number of reasons [18]. First, web services are
passively invoked. Since they must receive messages from
external users, they themselves cannot be used for more active
tasks or communicative behavior, which leads to dynamic
collaboration problems in the supply chain. Agents can only
overcome this passiveness when they are combined with web
services. Second, web services are not autonomous, but agents
must be autonomous in order to pursue their own goals while
simultaneously cooperating with other agents to accomplish
the overall goals of the supply chain. Web services are also
not flexible in emerging situations, such as the introduction
of a new supplier. Agent-based web services, by contrast, are
both sufficiently autonomous and flexible to address dynamic
vendor selection.
In addition, agent-based web services support scalabil-
ity, which is essential for optimal supply chain collaboration.
Scalability is the basis for the success of a wide-scale imple-
mentation of the supply chain solution [19]. As information
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to initiate new ways of conducting business. Moreover, as
the number of partnership candidates increases in a sup-
ply chain, the combination of partnership making greatly
increases as well as what happens to the dynamic require-
ments of the customers [20]. The changing of both technology
and market environments makes supply chain collaboration
challenging, and thus scalability issues becomemuch more im-
portant. Scalability via agent-based web services is achieved
because these agents use robust service discovery in order to se-
lect partnerswithwhich to collaborate [1,21]. Intelligent agents
are expected to adapt their behavior in response to the dynamic
characteristics of web services in a user context, and also to
carry out the complex interactions with multiple services [22].
Suchweb service discovery has been considered crucial for suc-
cessful implementation of agent-based web services [23].
3. System overview
In this section, we present an overview of the system.
First, the problem context that provides the basis for the
prototype system is introduced. Second, the overall framework
is displayed and the distinct components are explained in
detail. Last, we explain the MACE-SCM that is responsible for
collaboration between the agents.
3.1. Problem context
This research assumes a supply chain that consists of
retailers, manufacturers and suppliers. A customer purchases a
product if it is in stock from the retailer. If the retailer cannot
meet the customer’s demand, then the product is ordered from
a manufacturer and backlogged. The manufacturer produces
products by assembling the components from a supplier. The
manufacturer receives product orders from the retailer and
places an order for the needed components with its supplier.
The supplier produces the components and supplies them
to the manufacturer. The supply chain incurs linear holding
costs and linear backorder costs at each stage. The goal of the
retailer is to maximize profits by minimizing stockouts and
inventory costs. Themanufacturer pursues profit maximization
through the minimization of inventory costs and efficient
management of manufacturing and procurement processes.
The supplier is interested in maximizing profits by maintaining
low turnaround time and low inventory.
3.2. Overall framework
Figure 1 presents the overall system framework with
its three distinct components: agent-based web services,
coordination and service ontologies, and the web service
directory (UDDI). We assume that only retailers, manufacturers
and suppliers exist in the supply chain. The retailer agent
(R-Agent), the manufacturer agent (M-Agent), and the supplier
agent (S-Agent) model the retailer, the manufacturer, and
the supplier, respectively. In addition, a coordinator agent
(MACE-SCM) is introduced in order to produce more strategic
collaboration among the agents. These agents are enrolled as
web services. The introduction of the MACE-SCM is consistent
with previous studies in how they describe the advantage of
having a separate collaboration engine in addition to operating
an optimization engine locally [16,24].
In our system, a buyer initiates a transaction by visiting an
R-Agent. To find the appropriate R-Agent, the buyer’s program
may want to visit the service repository (UDDI). This repositoryFigure 1: System overview.
is used to search for the uniform resource identifiers (URI)
address, which points to an agent’s location, and also to acquire
the address of the service ontology, which is a URI address.
Then the buyer’s program imports the R-Agent ’s detailed data,
such as the products, contact information, advertisements, and
pricing information. The data provided are used in order to
select the best retailer. The buyer’s program is the clientmodule
that can invoke any retailer’s web services in the supply chain.
The selected R-Agent then seeks a coordinator web service,
such as the MACE-SCM, by visiting the collaboration ontology.
The collaboration ontology holds the information required for
collaboration during the process of collaboration between the
web services.
3.3. Coordination and service ontologies
The coordination and service ontologies consist of general
languages (OWL, OWL-S, etc.) or sophisticated supply chain
ontology models (Enterprise ontology, TOVE, IDEON, etc.)
agreed upon by the supply chain. These ontologies define the
terminologies that are used by all participants in the supply
chain. Within a supply chain, the service providers describe
their services using the terms of the supply chain’s ontology,
while service requesters use the terms of the ontology to
formulate queries over the registry of the supply chain.
3.4. Agent-based web services components
The detailed roles of the agent-based web services are
described as follows:
R-Agent: Receives a customer’s order, and sells the requested
product if it is in stock. If the retailer cannot fulfill the order,
then the product is ordered from the manufacturer (M-Agent)
and backlogged. The R-Agent pursues the retailer’s goal and
makes a decision on how much to order from the M-Agent.
M-Agent: Manufactures the requested products by assem-
bling components. It receives product orders from the retailer
(R-Agent), and places needed component orders to the supplier
(S-Agent). The M-Agent pursues the manufacturer’s goal, and
makes decisions on how much to produce and how much to
order from the supplier (S-Agent). This agent may expand its
supplier base in the presence of high supply uncertainties.
S-Agent: Produces components, receives rawmaterials from
the outside, and supplies the components to the manufacturer
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a decision on how much to produce.
MACE-SCM: Acts as a central coordinator by enabling an
additional level of collaboration between the agents. The main
priority of this agent is to maximize the overall supply chain
profits by assisting the other three agents and providing them
with superior information acquired from its case base. MACE-
SCM may or may not rely on the case base. The case base
provides additional information that facilitates better decision-
making. The case base contains information on an offering set
of competitors and environmental data such as total demand,
market share, total revenue, and total cost. The MACE-SCM
allows the other three agents to access the case base. Our case
base reasoning algorithm aims to select a case which is the
most similar to the current SCMdistribution problem. Tversky’s
Weighted Euclidean distance method is used for similarity
computation for case selection (see Eq. (1)):
di =

∀j
(xj − yij)p
 1
p
(1)
where p is the multiplier (p = 0, 2, 4, . . .), while xj and yij
indicates the j-th item value of the current situation and i-th
case. As p increases, the discrepancy between xj and yij becomes
more exaggerated, and hence outliers are more discouraged
frombeing selected as themost similar case. In this experiment,
we set p as 2 for simplicity.
Our agent-based web services rely on the well-known
Hypertext Transfer Protocol (HTTP) and XML message format.
Such standards become a natural source of seamless transaction
when existing supply chain partners search and select new
partners for collaboration. Seamlessness is defined as the
ability to conduct supply chain activities smoothly without
experiencing awkward transitions or indications of disparity.
Seamlessness becomes importantwhen the partners in a supply
chain experience a lack of information concerning who they
are, what their businesses are, and how to interact between
them [25]. This feature allows the supply chain to improve
inter-organizational communication, to minimize the barriers
preventing information flow, and hence to improve the chain’s
overall performance [26].
Our system can better tackle emerging problems that
occur either within or outside the supply chain when the part-
ners involved are less concerned about themechanisms of com-
munication and interaction. Seamlessness can be considered at
two layers. At a higher level, seamlessness is accomplished in
smooth transitions or at least with no indications of disparity.
As one partner searches, orders, and gets products from another
partner, it does not recognize or does not evenneed to recognize
how the supply chain is managed and how the partners collab-
orate with one another. At a lower level, seamlessness means
the integration of more than two computer programs or intelli-
gent agents working together to simulate the appearance of be-
ing one programwith a single user interface. This seamlessness
feature may increase the scalability of our system by decreas-
ing the amount of time required for achieving the same level of
communication.
3.5. Web service directory
For scalability, the basic mechanism that we suggest is the
service directory known as UDDI. Figure 2 demonstrates a
scenariowhenboth transaction and collaboration are facilitated
by UDDI. The UDDI Business Registrymakes the partnerswithinFigure 2: Web service directory-based collaboration.
a supply chain much more visible to one another and more
accessible to the other potential partners. The firms can register
and find informationwithin theUDDI registry node. All partners
in the supply chain must report on what their businesses and
services are, and how their customers will be served into the
service repository a priori. Partners, including customers, can
then perform transactions by simply querying a set of firms
suitable for their service needs. This same mechanism is used
to handle both a change in and an increase in the load of
partnership search and selection problems.
4. Implementation
To examine the feasibility of the model, the prototype sys-
tem was implemented using Java applications under JDK1.4.1
and Apache SOAP 2.0. The case base and other data tables were
made in Jet Engine and linked using ODBC/JDBC connections.
4.1. Collaboration situations
The present research concentrates on two collaboration sce-
narios between partners, namely Independence and Collabo-
ration Levels. The two scenarios represent Level 2 and Level
3 collaborations, respectively. At these two levels, the agents
use case-based reasoning in order to learn the rules needed to
generate optimal solutions. This is possible because case-based
learning is performed simply by adding a new case whenever
one occurs and then finding similar case subjects already en-
tered into the database in order to input the features they have
in common at a later time.
Independence level: Partners have arm’s length relationships
and a low level of collaboration. The agents collaborate mini-
mally by exchanging order information and pursuing individ-
ual goals. The resulting production and inventory policies may
not be optimal for the entire supply chain. The case base, which
represents additional information, is not provided at this level.
Collaboration level: Partners have strategic relationships
and collaborate intensely with one another. The agents share
extensive information beyond the transactional level and
pursue global goals for the entire supply chain. Such solutions
may not be optimal for individual agents, but are expected to
be optimal for the entire supply chain. This level overcomes the
limitations of the prior systems which permitted only a limited
level of collaboration [7,27].
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At this level, we established two different situations for
the use of a case base. In the first situation, we assume that
the agents leverage make use of the case base, meaning that
they can make better decisions with the additional market
information. The specific information that plays a key role in
the context is the price and the corresponding market share
information. In the second situation, the agents do not rely on
the case base. The agents collaborate intensively to generate
solutions for the entire supply chain and this is the reason why
they may or may not rely on a case base.
4.2. Internal and external uncertainties
As discussed earlier, internal uncertainties refer to the
uncertainties within the supply chain that result from fluctu-
ating customer demand, stochastic lead time, limited produc-
tion capacity and unstable yield. In our research, we consider
the internal uncertainties of both demand and supply. Demand
uncertainties regard the volatility of customer demand. Regard-
ing the assumptions of customer demand, we fixed the mean
and changed the standard deviation after each simulation run
(i); namely, sd (i) = (i− 1)/N where i = 1 · N . The customer
demand distribution follows the normal distribution. We lim-
ited the supply uncertainties to the only account for lead-time
and production capacity uncertainties. Supplier’s uncertainty of
lead-time and production capacity is implemented similar to
demand uncertainty. That is, we fixed the means of the lead-
time and production capacity, and changed only the standard
deviations after each simulation run.
External uncertainties focus on the uncertainties that exist
outside the supply chain. In particular, a varying number of
partnership candidates were considered in this paper. A supply
chain can experience a change in the number of partnership
candidates. This change can occur at any stage of the supply
chain; i.e., from retailers to suppliers. A partner is selectedwhen
they can provide the entire order quantity at the lowest price.
We illustrate two different partnership search methods
(Figure 3). First, in the presence of the web service directory,
firms use the directory to conduct a partner search. The
partnership candidates subscribe their service profiles to the
web service directory.MACE-SCMcan therefore simultaneously
acquire the services information from the directory, exclude
inferior services from the acquired set of services, and
individually examine the remaining candidates. Second, in the
absence of the web service directory, the firms rely on the10000
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MACE-SCM and use it to perform a partner search. In this
scenario, MACE-SCM sequentially searches for each partner. In
an experiment described later in the paper, we only considered
the first method of candidate selection. The second method is
given only for illustrative purposes.
5. Experiment
We conducted a series of experiments to test the feasibility
of our model. The experiments are concerned with Eq. (1)
scalability (Experiment 1), and (2) the relative performance
given different collaboration situations (Experiments 2–4).
Experiment 1 evaluates the performance of the web service
feature within the system and experiment 2 examines the
performance of the agent-based collaboration.
5.1. Scalability
We assume a growing market and thus an increasing
number of partnership candidateswith time (x) as xa+b, where
a, b ≥ 0. To test scalability, for example, we construct two
different rates of candidate increases (Figure 4). In situation 1,
the number of candidates is increasing at a rate of x2 + 10,
where x is the number of simulation runs (a proxy for time)
and 10 is the initial number of partners. In situation 2, the
number of candidates increases more dramatically at a rate
of x3 + 10. We tested whether the system is scalable with
the two different increasing rates. The number of retailers,
manufacturers and suppliers are statistically equivalent and
added together because we have little reason to differentiate
the rate of the increases in candidates at this phase in the
research study. The effects of the variation on the scalability of
the systemwill be addressed in a future publication. Scalability
is measured as the degree of the performance outcome. We
consider the stabilized performance outcomes as an indicator
of good scalability. Hence, we examined if the agent-based
web service will be scalable with the increasing number of
partnership candidates by comparing the performance between
the case of situation 1 and that of situation 2. This leads to the
following hypothesis:
H1: The performance of situation 1 and situation 2 will not be
statistically different.
We used the relative profit as a measure of performance
outcome. The profit derived from the candidate pool indicates
the maximum possible profit that is obtainable with the entire
pool of candidates. The number of total candidates is initialized
at a fixed level and do not change throughout the different
experiments performed. Each candidate is provided with an
arbitrary production capacity, inventory, backlog, setup costs,
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and price level. The profit is calculated after conducting an
exhaustive search for all candidates in the pool, and represents
the best possible result for the supply chain as a whole.
Relative Profit = Profit derived from the web service/Profit
derived from the candidate pool.
The profit derived from the web service indicates the
obtainable profit that can be achieved from all candidates
registered to web service directory. The number of candidates
at this level varies according to the functions described earlier.
The candidates are randomly selected from the pool and are
registered to the directory. The profit is calculated once an
exhaustive search for all candidates registered to the directory
has been conducted. Case-based reasoning is used to facilitate
the derivation of optimal solutions.
Candidate increases can be applied to any context, but in
this study were specifically implemented at the Collaboration
Level with a case base. Thus, the objective function of the
MACE-SCM (c) and the Profit(c, t)was used to calculate profits
for the entire supply chain. The performance outcome of the
experiment is shown in Figure 5. The range of the relative profit
should be between 0 and 1, where 1 occurs when the profit
derived from the web service is equal to the profit derived
from the candidate pool. Higher levels of the relative profit
indicate a better scalability of the agent-basedweb servicewith
an increase in the number of partnership candidates. Figure 5
shows that the performance is poor at early stages of the
simulation but rapidly stabilizes at later stages.
Table 1 explains the hypothesis 1 (H1) statistically. The
null hypothesis states that the performance results of the
two different situations will yield equal results. If the p-value
is greater than 0.1, 0.05 or 0.01, then the null hypothesis
cannot be statistically rejected. Based on such a principle, we
can conclude that the statistical test results for hypothesis 1
indicate that the null hypothesis is statistically supported with
a significance level ofmore than 10%. Interestingly,we observed
the performance convergence in our scalability test. Despite
the increasing number of candidates, we have repeatedly found
that there is only a marginal improvement in the terms of
relative profit when the number becomes sufficiently large.
That is, the number of candidates is not a determinant of the
system profit levels. These observations imply that scalability
in terms of the number of candidates available is satisfied
in our agent-oriented web service structure. We therefore
conclude that the web service is scalable with the increase
of partnership candidates. This experiment is based on the
realistic assumption that the supply chain faces a change in the
number of partnership candidates, and often timeswith limited
information about them. Consequently, our agent-orientedwebTable 1: Experimental design for scalability.
Hypotheses Performance
measures
Difference p-value
Hypothesis 1 Average profit 0.072% 0.7130
(N = 100)
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1.
Table 2: Experimental design for collaboration.
Experiment Internal uncertainity External
uncertainity
Supply side
Demand
side
Lead time Production
capacity
Partner
base
1 No No No Yes
2 Yes No No No
3 No Yes No No
4 No No Yes No
service structure shows scalability in terms of the number of
candidates available in that it achieves the equivalent amount
of profit regardless of the registered number of candidates. In
general, this result implies that our system can bring stability
to the supply chain in turbulent market environments.
5.2. Collaboration situations
We conducted a series of experiments to compare the
performance of two different levels of collaboration. The
Collaboration Level follows the Collaboration Processes, and
may or may not rely on the case base. The Independence Level
neither follows the Collaboration Processes nor utilizes the
case base. As the level of collaboration intensifies from the
Independence Level to the Collaboration Levelwithout the case
base and then to the Collaboration Levelwith the case base, the
performance is expected to gradually improve. This leads to the
following hypotheses.
H2: The Collaboration Level with case base will outperform the
Independence Level.
H3: The Collaboration Level with case base will outperform the
Collaboration Level without case base.
H4: The Collaboration Level without case base will outperform
the Independence Level.
We designed three experiments to test a variety of demand
and supply uncertainties (Table 2). Experiments 2, 3, and 4 are
designed to test demand, lead time, and production capacity
uncertainty, respectively. Each decision support level was
simulated 100 times and the time span of each simulation was
12 periods in duration. In each period, the customer demand,
lead-time, and production capacity variables weremanipulated
by fixing the means and changing only the standard deviations
as described earlier. The performance was measured by taking
the average profit. One-way ANOVAs were performed in order
to better understand the effect of the different collaboration
levels on the performance. The results presented in Table 3
provide support for Hypotheses 2 and 3 when p < 0.01. None
of the three experiments support Hypothesis 4.
The above results imply that the Collaboration Processes of
MACE-SCM may not be effective in the presence of particular
demand and supply uncertainties. On the other hand, the
performance at the Collaboration Level with a case base
is superior to all other levels, regardless of the presence
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Hypothesis Performance Experiment 2 Experiment 3 Experiment 4
H2(Coll.w/ case > Ind.) Average profit 17.096a 30.297 21.442
0.000** 0.000** 0.000**
H3(Coll.w/ case > Coll.w/o case) Average profit 20.4015 28.876 22.435
0.000** 0.000** 0.000**
H4(Coll.w/o case > Ind.) Average profit 1.652 0.483 0.245
0.121 0.629 0.806
* p < 0.05.
** p < 0.01.
a t-values.of demand and supply uncertainties. This demonstrates the
apparent synergy effect between the MACE-SCM Collaboration
Processes and the case-based reasoning. Case-based reasoning
recommends a proper price and production quantity level for
each agent based on the estimated market share information.
This additional information, in addition to existing MACE-SCM
Collaboration Processes, leads to an optimal performance
regardless of uncertain situations.
In this paper, we did not show the relative excellence of the
proposed idea. First of all, most of the multi-agent mechanisms
have seldom shown the uncertainty because the supply chain
environment was assumed deterministically in their work [8].
Ideas of e-SCM mechanism cited in this paper [7–9] could
not be quantitatively compared directly to ours due to the
following reasons. First, Kimbrough et el. modeled an electronic
supply chain managed by artificial agents [7]. They successfully
showed that artificial agents do better than humans: The
agents are able to search very efficiently. However, since
they suggested rule-based architecture, they failed to resolve
‘‘mesa effect’’: similar but not identical past experience is not
recommended to the decision makers. Demand and supplier
uncertainty contains the problem that new SCM collaboration
problemmight not be pre-asserted or unknown.When it comes
to [8], the authors proposed a multi-agent simulation model
for analyzing the dominant player’s behavior of supply chains.
However, they assumed that the players (suppliers, etc.) are
fixed, which are called dominant players. Therefore, scalability
issues cannot be addressed with this study. Lastly, the authors
of [9] did mention the SCM dynamics, no matter what causes
the dynamics. A full-scale example, IBM with 2000 inventories,
is used to show the necessity of the proposed method.
However, we could not find further evidence that they actually
performed with performance measures. Hence, their idea was
not comparable. Moreover, they did not consider the openness:
eSCM must be controlled by a specific standard, which will not
actually work. Thus, when compared to the others that have
been documented qualitatively, rather than quantitatively, the
proposed idea is compatible with the problems of scalability
and collaboration with demand and supplier uncertainty.
6. Conclusions
The objective of the present research was to develop a
framework based on agent-based web services to facilitate col-
laboration in the presence of internal and external uncertain-
ties. For example, Toyota has about 200 suppliers while Ford
has about 8000. Moreover, entering into or dropping from the
supplier list happens vividly. Recently, they have begun reduc-
ing the number of suppliers to make them more manageable.
Indeed, they have a decision making problem, dynamic sup-
plier selection, and this problem actually supports the neces-
sity of the novel algorithm which automatically manages theuncertainty. In this regard, the suggested system was success-
ful in addressing the different uncertainties and thus facilitat-
ing collaboration between the partners in the supply chain. In
the presence of external uncertainties, the system is capable of
scalability and generates an equivalent amount of profit corre-
sponding to the levels obtainable assuming the availability of
perfect information. When the partners face diverse internal
uncertainties, the collaboration with a case base achieves the
best performance. These findings emphasize that our system is
able to model different situations of uncertainty and also pro-
vides some guidelines based on the simulation results for the
decision makers to follow.
Contributions of the research can be summarized as
follows. First, we provide a flexible solution for collaboration
in the presence of internal and external uncertainties. This
flexibility comes from incorporating multi-agents and case-
based reasoning capabilities with web services. Standard web
services in the supply chain context are combined with multi-
agents in this paper in order to overcome their passivity,
where services do not occur unless relevant invocations are
issued from the external entities. This combination allows
us to cope with the continuous change of collaboration
situations (structural flexibility). To further the capability of
multi-agents, we provide case-based reasoning, which helps
resolve different types of uncertainty (contextual flexibility).
We defined flexibility as the ability to deal with internal
or external uncertainty. Since case-base reasoning estimates
the level of user preference by returning the most similar
results based on inputted features, such as price level, the
agents can then negotiate with one another using the most
up-to-date information even if a change in the production
capacity, lead time or the number of partnership candidates
occurs. This method makes coping with either internal or
external uncertainty a success. In summary, the use of the case-
based reasoning contributes to the flexibility of our proposed
framework.
Second, we leveraged e-business technologies so that they
could provide scalable solutions. Scalability is recognized as
a major success factor in the development of an e-enabled
supply chain and web services. However, the implementation
of scalability has been challenging because of the difficulties
in aggregating and filtering information from multiple sources
and also because of the heterogeneous transaction protocols
between the systems. The proliferation of Internet technologies,
such as the agent-based web services, make it possible
to overcome these hurdles with the support of seamless
transitions.
Lastly, we provide managers with easy-to-use solutions. To
make a decision on how to collaborate among partners, the
manager can first use the agent-based web services in order to
find the optimal candidates for partnership. Since the relative
profits in our experiments indicate the overall robustness of
1552 O. Kwon et al. / Scientia Iranica, Transactions E: Industrial Engineering 18 (2011) 1545–1552this technology, the managers can now rely on the proposed
technology by using the Internet. Next, themanagers can design
the best collaboration structure for their needs based on the
results from the second experiment. To do this the manager
must consider additional factors of their selected partners, such
as their transaction history, reliability, and relationship quality.
However, the framework and implementation proposed
in this paper need to be extended further and requires
additional research. The current framework can cope with
only two levels of collaboration, which were the Independence
and Collaboration levels. In reality, the determining factors
of collaboration between a focal firm’s and their suppliers,
include breakdowns, yields, quality level, reliability, process
stability, capacity constraint, changeover, and lead-time. Thus,
the current operation of determining relationship changes
needs to incorporate the additional factors mentioned above
and further fine-tuned in order to reflect the reality of the real
business world and to increase the usefulness of the model to
its users. Moreover, message communications and variability
might affect the service performances addressed in this paper.
These remain as further research issues.
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